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Other studies have looked at the effect of both importing and exporting on productivity. These studies are preferable to those which look at only one of importing or exporting because of the likely correlation between the two activities. Empirical evidence has been obtained for Chile (Kasahara and Lapham, 2013) , Sweden (Andersson et al., 2008) , Belgium (Muûls and Pisu, 2009) , Italy (Castellani et al., 2010) , Germany (Vogel and Wagner, 2010) and Ireland (Haller, 2010) showing that firms that both export and import (so-called 'twoway traders') have higher productivity than firms that are involved in just one of these activities. For the United Kingdom (UK), Breinlich and Criscuolo (2011) show that servicesector establishments that both export and import services have higher productivity but no attempt is made to identify a causal effect.
1 Furthermore, the data only provide information on trade in services so trade in goods is not covered.
This paper uses UK plant-level data to estimate the impact of exporting and importing goods and services on total factor productivity (TFP). In order to deal with the self-selection of plants into exporting and importing, the empirical model is estimated using a sample created by propensity score matching. There are two main innovations of this study. Firstly, as far as we are aware, this is the first study that has sought to estimate the effect of exporting and importing on productivity for both manufacturing and services 2 using UK data. The second innovation is the drawing of the distinction between trade in goods and services. The effect on productivity of trade in goods and services is likely to differ because of intrinsic differences in their nature since goods, unlike services, are storable, observable before purchase and are usually produced and consumed in different locations and also because barriers to trade in services are substantially higher within the EU (and presumably elsewhere) than barriers to trade in goods. This is primarily due to differences in regulatory regimes across countries (Ardy and El-Agraa, 2011; OECD, 2009 ).
The results indicate that plants that import and export tend to outperform plants that do only one of these activities. In manufacturing, this is the case regardless of whether the trade is in goods or services. In services, the results are more mixed and suggest that service sector firms which trade in goods do not experience the same productivity gains that manufacturing firms that trade in services do.
The next section discusses the dataset. The third section describes the methodology and the fourth section provides results. The final section concludes.
Data
The dataset consists of plant-level data for 2011 and 2012 obtained primarily from the UK's Annual Respondents Database (ARD). The ARD is collected annually by the UK's Office for National Statistics as part of the Annual Business Inquiry in order to facilitate the calculation of National Accounts statistics (further information on the ARD is given in Robjohns, 2006) . It contains the financial variables necessary for the estimation of TFP such as investment, intermediate inputs, employment and gross output. Our choice of years is constrained by the fact that information on exporting and importing has only been collected since 2011.
3 Table 1 around here Information on intra-and extra-mural expenditure on R&D is taken from the Business Enterprise R&D (BERD) database on enterprises that undertake this activity each year. 4 These data have been merged into the ARD using the unique enterprise reference codes available in both the ARD and BERD, and where these were missing, information on industry SIC codes and geographic postcodes to match respondents in the two databases were used.
The Annual Inquiry into Direct Investment (AFDI) provides information on outward foreign direct investment (OFDI) and covers some 8,500-12,000 observations per year (although only 2 Note, Other Community, Social and Personal services are excluded (SIC90-93 under the 1992 Standard Industrial Classification). This is because this sub-group is only very peripherally involved in international trade, but is quite a large sub-set of the service sector sample of plants (we found their inclusion contaminated our findings, producing some very hard to explain outcomes -more information is available from the authors for those wanting the results for this sub-set of plants). 3 The following industries are omitted because we have no data on capital stocks for them or they are only partially covered in the ARD: those areas of agriculture, fishing and forestry covered in the ARD; mining & quarrying; utilities; construction; and financial services.
about 980-2,500 firms, since many firms have multiple subsidiaries/branches in different countries); these were amalgamated into a single observation per firm per year and merged into the ARD using the inter-departmental business register (IDBR) code available in both datasets. A full list of variable descriptions is given in Table 1 .
Methodology
The basic specification is the following augmented log-linear production function:
where denotes the log of real gross output in plant i in time t; 5 is the log of employment;
is the log of real intermediate inputs; is the log of the capital stock; and is a vector of control variables (those variables in Table 1 not mentioned above). 6 The key variables are and , which are dummy variables that equal 1 if plant i in time t exports or imports (goods or services), respectively, but does not do both activities, and & which takes the value of one if the plant both exports and imports. These three variables are therefore mutually exclusive.
The extended model takes advantage of the information in the dataset on whether plants are trading in goods or services. Because plants that export and import are a self-selected group of the population of plants, they will tend to have different characteristics from plants that do not export or import. While the inclusion of the observed covariates in Equation (1) provides some control for differences in characteristics, the estimated 'treatment' effects will only be unbiased if the functional form (which is assumed to be linear) of equation (1) is correct. One means of reducing this sensitivity to functional form is to create a matched sample in which plants that export and plants that import are matched to plants that do neither of these activities on the basis of their observed characteristics using propensity score matching (Dehejia and Wahba, 2002) . This involves the estimation of a probit model of 'treatment status' and the use of the estimated propensity scores to match each plant that either exported or imported to the plant with the most similar characteristics that did neither of these activities. If this approach successfully removes all differences between the 'treated' and 'untreated' groups (achieves a perfect 'balance' of the covariates), it will not be necessary to include any covariates in equation (1) beyond the exporting and importing variables. Whether this was achieved will be tested below and, if differences in the distributions of the covariates across the 'treated' and 'untreated' groups remain in the matched sample, a combination of matching and multivariate regression will be used. 7 Because the number of plants that exported or imported was greater than the number of plants that did neither activity, the matching procedure involved the removal from the sample of 'treated' observations for which no similar plant in the 'untreated' group could be found. 
Results
The parameter estimates from the probit model used to generate propensity scores are given in Table A1 . Table 3 shows the effectiveness of the matching procedure in reducing differences in the means of the covariates across the treated and untreated groups. This reveals that the matching procedure has gone some way towards improving the balance of the covariates across the treated and untreated groups but has not eliminated them. To take a representative example, the difference in the mean of logged employment between the treated and untreated groups in unmatched manufacturing sample is 1.041. In a t-test of equality of means, the null hypothesis is rejected at the 1% level. In the matched sample, the difference falls to 0.142 but the null of equality of means is still rejected at the 1% level. The failure of the matching procedure to eliminate differences across the treated and untreated groups provides further support for the strategy of combining matching and regression so that the latter can control for remaining differences in the distribution of covariates. Table 3 around here   Table 4 presents results from estimation of both the basic and extended versions of equation (1). Full results are available in Table A2 in the appendix for the extended versions (which are the preferred set of estimates) using both the unmatched and matched samples. 9 The following discussion focuses on the unmatched results since these do not suffer from the reduced variation in the covariates that follows from using a matched sample. The coefficient estimates on the factor inputs (intermediate inputs, employment and capital) are broadly in line with those obtained using more sophisticated methods of estimating production functions (Del Gatto, 2011; Van Beveren, 2012) . This is important as it provides confidence that the estimated coefficients on the exporting and importing variables are measuring effects on TFP.
In terms of the other covariates, most of the coefficients have the expected sign. Foreignownership is found to have a positive effect on TFP, suggesting that being part of a multinational firm provides access to superior technologies. Being engaged in outward FDI is also associated with higher TFP, except in wholesale and retail. The coefficient on the age variable is generally negative and statistically significant which implies that older plants use less advanced technologies. Plants belonging to firms with plants in more than one region have higher TFP than plants belonging to firms operating in only one region in all sectors apart from wholesale and retail but single plant enterprises operating in one region are more productive than plants belonging to multi-plant enterprises operating in a single region. The effect of higher levels of concentration (which is assumed to be associated with less competition) is negative for manufacturing but positive for services. In terms of spatial externalities, higher levels of urbanisation have negative effects on TFP, suggesting the existence of congestion diseconomies, while higher levels of agglomeration have a positive effect, implying the existence of localisation externalities. The effect of R&D is positive and statistically significant in services. In manufacturing, plants with small R&D stocks (less than £10,000 in 2010 prices) have lower TFP while larger R&D stocks have no significant effect. The latter is surprising but may reflect the fact that resources devoted to R&D do not have a direct impact on output and will therefore, at least in the short-run, reduce observed TFP. As would be expected, being located in an assisted area is generally associated with lower productivity.
Focusing on the exporting and importing variables in Table 4 , for manufacturing, engaging in exporting (without importing) and importing (without exporting) has no statistically significant impact on TFP (column 1). But exporting and importing has the overall effect of increasing TFP by 9.2%. 10 This result therefore confirms those of other studies that show that plants that both export and import have higher productivity than plants that do only one of these activities. Table 4 around here For services (excluding wholesale, retail and other community, social and personal service activities), the results in column (3) show the effect of exporting (without importing) and importing (without exporting) is to increase TFP by 5.1%. But plants that both export and import experience larger TFP gains (of 6.1%). A similar story applies to wholesale and retail. In this sector, the effect of exporting (without importing) and importing (without exporting) is to raise TFP by 5.4% and 3.9% respectively. Two-way traders have 6.3% higher TFP.
Columns (2) and (4) provide the results in which 15 mutually exclusive dummy variables (measuring which category in Table 2 a plant belonged to) are included in the model in place of the three dummy variables used in the basic model. These coefficient estimates are replicated in Table 5 , along with the percentage of plants in each sub-group. The first set of observation counts is weighted to be representative of the population of plants and the second set shows the actual number of plants in the sample. For manufacturing, Table 5 confirms the results in column (1) of Table 4 , that in general plants that export and import experienced significant productivity gains and that involvement in only one of these activities is not sufficient to boost TFP. Note however that the largest gains were obtained by manufacturing plants that export and import services. This group of plants, which account for 10.8% of manufacturing plants, are presumably heavily involved in 'manu-service' activities (see Neely, et al., 2011; Baines and Lightfoot, 2014) . 11 However, it is possible that this result is driven by higher prices in services rather than being a physical productivity effect (see footnote 6). 12 Plants that import both goods and services (without exporting) experienced a fall in TFP of 12.5% which suggests that using imported intermediate inputs to produce outputs that are sold only in the domestic market was a large productivity reducing activity.
Column (4) of Table 4 and the second panel of Among service sector plants that trade in goods, the picture is very mixed. Of the two largest groups, those that export and import goods but do not trade in services experience gains in TFP of 8.7% but those that export and import both goods and services have similar TFP levels to those that do not trade at all. Among small groups, large negative effects are seen for plants that export (without importing) goods and import (without exporting) services (-27%) and plants that import (without exporting) goods and plants that both export and import goods (-17.4%). 13 Overall, the results suggest that service sector plants do not benefit from involvement in international supply chains for goods to the same extent as manufacturing firms benefit from involvement in international supply chains in services.
Column (5) and the lower panel of Table 5 shows the coefficients on the 15 exporting and importing dummies for wholesale and retail. Almost all groups experienced increases in TFP as a result of their trading activities. The only exceptions are plants that do not trade in goods and export (without importing) services which have 2.9% lower TFP and those that import (without exporting) goods and export (without importing) services which have 3.5% lower TFP. However, both groups are very small, comprising less than 3% of plants in wholesale and retail.
Trade in goods is a popular activity within wholesale and retail with over 40% of plants involved in exporting and/or importing of goods. Most of these plants are two-way traders in goods and they experience productivity gains of between 4.8% and 12%, depending on whether they import and/or export services. Another relatively large group is plants that import (without exporting) but are not involved in trade in services. They receive a gain in TFP of 14%, relative to plants that do not trade at all which is smaller than the gain achieved by the group of plants that export (without importing) goods and do not trade in services (9.7%) and two-way traders in goods that are not involved in services trade (4.8%).
(although we cannot verify this using the ARD since our access to these data is predicated on complying with a strict confidentiality rule ensuring there is no disclosure of the identity of data providers'). 12 Unfortunately, we lack data on the services traded so are unable to check whether they have higher prices than the manufacturing goods which they produce. 13 The relatively small numbers of plants involved in these activities needs to be noted, and further work is needed to confirm and then establish the underlying reasons for such 'mixed' results. 
Conclusion
This paper has estimated the impact of exporting and importing on TFP in UK plants using a combination of regression and propensity score matching. In confirmation of the results from other countries, we find that plants in both manufacturing, services (excluding Retail, Wholesale and Other Community, Social and Personal Service Activities) and wholesale and retail that both export and import have higher productivity than plants that only do one of these activities. For manufacturing, this is true regardless of whether trade occurs in goods or services (which suggests that servitisation of manufacturing is beneficial). The results are more mixed for services, and the benefits from involvement in international goods networks that are seen in manufacturing do not occur in services. For wholesale and retail, trade in goods is both a very frequent activity and a productivity enhancing one.
Further research is necessary to gain a more complete understanding of the differences in the relationship between importing and exporting goods and services. For the UK, as more years of data become available in the ARD, it will be possible to use panel data estimators which control for time-invariant heterogeneity. Such research is important as the results obtained here have important implications for policy. In particular, they suggest that a blanket promotion of all types of exporting is not necessarily an optimal policy, since exporting does not always lead to productivity gains; in manufacturing, exporting without importing (of both goods and services) fails to produce positive TFP effects which implies that manufacturing firms should be encouraged to become more integrated in international trade networks rather than simply to export. By contrast, in services, exporting and importing goods fails to produce productivity gains while exporting services only improves productivity in some categories. This suggests that different policies are required for the manufacturing and service sectors. Table A2 provides the results for all the other variables included in the extended version of Equation (1) Source: ARD/AFDI/BERD */**/*** denotes significance at the 10%/5%/1% respectively. Standard errors in parenthesis. a Coefficient estimates and standard errors for export and import dummies are presented in Table 4 .
Source: ARD/AFDI/BERD
